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134. (ciirraitly amended) A process tor conducting catalytic reforming of 
liydniceirbons and alcohols; with steam and carbon dioxide Tor the production of pure 
hydni^en which includes the use of : 

a far outer impermeable hollow tubular cylinder nesting two more cuncentrie 
pcnnciiblc tubular cylinders, a next inner and a most inner one, having the nmsi inner 
pcrnuMble cylinder ^e-be nested within the next inner permeable cylinder thus defijiiny 
Ihrce dillcrcnl annular zones including next inner membrane and most inner mtmbranc. 
with the most inner permeable cylinder filled with a reforming catalyst jn pellet or 
partide Jormj and includ e including gas healing tubes located along the niost inner axis 
(or Ji va I inu the cat alyst to the temoerature of said reforming reaction , with the - c t<4«^ys4 te 
tv w peHef or particl e form , with the hydrogen product to b e continuously removed via 
permeation along the must inner membnme^ wherein the most inner membrane is made 
from an inorganic or composite material, with the remaining reaction species k4 
partially p ei Tn e fl ^^? penrieating welt via the most inner membrane, and with the 
permeated species fo-be diluted by an inert carrier gas flowing along the ne\t inner 
annular /one. with hydriigen only to-be continuously removed via permeation ali>ng the 
next inner membrane and aHow for continwui) hydrogon withdrawal continuously 
»'.Lhdra\yn as well out of the most inner catalytic zone and for causing l\)r the 
ainiinu<nis equilibrium shift of the reactions evolving within this zone> with next inner 
membnme kv+H- made from a metal or non-porous inorganic material permeable onl> to 
hydrog»^n. ajid with tlw pure hydrogen to p e rm e at e Dcrmealint> through the ne^l inner 
niemhrane and withdrawn along the far outer cylindrical /one. 
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135. (prcvioui^ly presented) The process of claim 134 wherein the most inner 

inembriine is made from one or more materials seleeted from ihe group consisting of 
; lumiiui, silica, titnnia, zirconia, yltria, and the next inner membrane made from one or 
more mnierials selected from the group consisting of aluminum carbide iind nitride, 
silici^n carbide and nitride, titanium carbide and nitride, /ireonium carbide and nitride, 
umtalum carbide and nitride, palladium, silver, copper, /ine, tantalum, vanadium, 
lungsK-n. 

136 (previously presented) The process of claim 134 wherein the feed 

hydrocarbon or alcohol is a single component or a mixture of components selected fi^om 
the group eonsisting of methane, ethane, propane, n-butane, i-bulune, methanol, ethanol, 
pri»pani>L butanoK naphtha, gasoline, natural gas, coal gas containing methane, landllll 
gas coiuaining methane, flue gas containing methane, biomass and sewage gas containing 
n ethane. 

(previously presented) The process of claim 134 wherein the c(»mbined 

feed h>droearbon and carbon dioxide gas mixture is selected from the group consisting of 
a nij and C'O^ mixture, acidic natural gas containing CH4and CO2, coal gas containing 
tmd CO^ landfill gas containing CII4 and CO2, biomass and sewage gas ct)ntaining 
c;i U and CO2, Hue and waste gas mixture containing CH4 and CO2. 

138* I currently amended) The process of claim 134, wrth wty^rdn the reject 

ON it slrw iim from Thi^ mnsi inner and next inner nnntilar /ones Is subject to a ct>rntt'nsauoii 
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Slop which removes steam from the said reject exit stream, and subsequently passed 
ihroii^^h a membrane permeator wherein the hydrogen and carbon dioxide t^iises ore 
separated by permeation via a polymer or composite membrane and the non ponnealcd 
hydrocarbons, alcohols^ and carbon monoxide exit from the non-permeule side of the 
pennciilor as a reject stream. 

139* (previously presented) The process of claim 138, wherein the rejeei stream 
from the pcimealor containing each one or a mixture of unrcacted hydrocarbons, alcohols* 
and carbon monoxide is fed in a consecutive steam reforming reaction zone for a<lditional 
produciion of hydrogen and carbon dioxide gas products.. 

140. (previously presented) The process of claim 138, wherein the reject stream 

from (he permeator containing each one or a mixture of unreaeted hydrocarbons, alcohols, 
and carbon monoxide is recycled into the initial catalytic most inner reforming /amic lor 
continuous reibrming reaction. 

14K (currently amended) The process of claim 134. wkl^ wher ein the rejecl 

exit s^eim> streams from the most inner and next inner annular zones tt» have tlie 
ciinlained steam removed by condensation and subsequently passed through a eiyogcnic 
separator^ wherein the contained in stream hydrogen md carbon monoxide arc separated 
as gases, while the hydrocarbons, alcohols, and carbon dioxide are sepurated as 
condensed liquids and after heating are recycled back into the inlet of the preceding niosi 

inner LUialytii: reforming /one, wt^ wherein tht; separated hydroyen and carbon 

4 
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nu)noxidc product mixture coming from the cryogenic separator 4*v»he is used in 
I'ollovNing listed consecutive applicationsi, Ibr fud gas in solid oxide and molten 
ciirboiKite fuel cells, for fuel gas in gas turbines and gas engines. 

f42. (previously presented) The process of claim 141 wherein ihc reactain 

hydrot arlwn is methane and the reactant alcohol is mcihanoL 

143. (currently amended) The process of claim 141, wherein a part of the 
separated liquefied hydrocarbons, alcohols, m4hf and carbon dioxide comptMients from 
the cryogenic separator are mixed with steam and fed into a subsequent reforming 
reaction zone for additional production of hydrogen and carbon monoxide. 

144. (currently amended) The process of claim 134, wherein the reiccl exit 
sircam consists of hydrogen, carbon monoxide, and unreacted steam and enters as a fuel 
gas Iced into a solid oxide or molten carbonate fuel cell for continuous generation of 
electricity, wi^ wherein part or all of the permeate hydrogen coming out of the pi-eceding 
membrane /one t*f-be is_ fed as well in the fttel cell anode inlet fn-.&fdef^ fHwitJe 
Pimding for the supplementary hydrogen fuel feed. 

145. (currently amended) The process of claim 144 wherein the lUie hot gas 
c/niltcd by a ihc fuel cell is used for at least partial heating of the preceding most inner 
ctitalytic reactit>n zone. 
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146* (currently amended) The process of claim 144 wherein the Hue hot gas 

i:mitk'd by the fuel cell comprises of steam and carbon dioxide and is recycled in ihe 
inlet vf the preceding most inner catalytic zone for use as a reaciant in the reforming 
reaclit*n. 

147* (currently amended) The process of claim 134 wherein the permcaic 

hydrogen from the membrane zone is used as fuel feed in a consecutive fuel cell fnr 
coniiniKUJS generation of electricity, ¥i4th wherein the fuel cell lo-be one of the listed 
types: solid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
ajkalinc. 

148. (currently amended) The process of claim 147 wherein the Hue hoi gas 
emitted by the fuel cell te-be is used for at least partial heating of the preceding most 
inner catalytic /one. 

149. (currently amended) The process of claim 147 wherein the line hot gas, 
eiuiucd by the solid oxide and molten carbonate fuel cell, which contains stciim and 
carbon dioxide, is recycled in the inlet of the preceding most inner catalytic /one 
fcT use as u reactant in the reforming reaction. 

150. (currently amended) The process of claim 147, wherein the fuel cell is 
ul i^ c> lindrical shape and its fud anode encloses the cylindrical permreactor 

rei^i^^^ i«H4^N.^BfHwn^ K y rroeivin^ And eonsumlntf dlructly the permeate hyan>Bcn t^as as 

6 
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iVicI, rwd-^h wherein the flue hot gas emitted by the fuel cell 4a-bt^ is used litr at leasi 
partial healing of the enclosed most inner catalytic reforming zone. 

151. (previously presented) The process of claim 134, wherein the n.jcct exit 
siream rich in hydrogen and carbon monoxide after steam condensation is used as luel 
feed ill a gas engine or a gas turbine for continuous generation of electricity, wrth 
>yhercin part or all of the permeate hydrogen coming out of the preeediny membrane 
/ime fiv-bt* is fed as well in the engine or turbine Ih- ord e r to -pmWde providi ng for the 
supplemcntarv hydrogen fuel. 

152, (currently amended) A process for conducting catalytic reforming of 
hydrocarbons and alcohols with steam and carbon dioxide for production of pure 
hydrogen which includes the use of: 

a fur outer impermeable hollow tubular cylinder nesting two more et>nccnlric 
pi.Tmeable tubular cylinders, a next-inner and a most-inner one, having the most inner 
pt:nncable cylinder t**-be nested within the next inner permeable cylinder thus defining 
three difVcrcnt annular zones including next inner membrane and most inner membrane, 
with the annular space between the far outer and next-inner cylinders te-fee filled with a 
reforming catalyst In pellet or particle form , with th e entalyat to bu in pellet -t»p partie te 
ftmFh< with hydrogen te-btf continuously removed via permeation along the next-inner 
membrane wheivin tlte next- inner membrane is made from an inorganic or composite 
material- with the remaining reaction species *e partially p e rm e at e perm e at inu as well 
vi;i the next inner membrane, fmd with the pcnnenttjd ?;peLMt»s ditou^d hy jui 'niuri 

7 
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larrici gns flowing along the next inner annular zone, with hydrogen only 4**— be 
t onliniiiiusly removed via permeation along the mosi inner membrane m- indav - -Hv-ttlkHv 
i^ll5}^yjnt^.JUS_\veil For the continuous hydrogon withdrawal of hvdro Ben out the lar 
iMUer calalytie zone and for the continuous equilibrium shift of ihe reactions evolving 
within this zone^ with the said most inner membrane to b e made from a metal or non- 
porous inorganic material, and with the pormoate permeated pure hytlrogen tt» 
withdrawn along the most inner cylindrical zone. 

153. (previously presented) The process of claim 152 wherein the next inner 
membrane is made from one or more materials selected from the group consisting of 
aluminn, silica, litania, zirconia, ytiria, and the most inner membrane made from one or 
more jnaterials selected from the group consisting of aluminum carbide ajid nitride, 
silicon carbide and nitride, titanium carbide and nitride, zirconium carbide and nitride, 
umtalurn carbide and nitride, palladium, silver, copper, zinc, tantalum, vanadium, 
liingstcii. 

154. (previously presented) The process of claim 152 wherein the feed 
hydrocarbon or alcohol is a single component or a mixture of components selected from 
the group consisting of methane, ethane, propane, n-bulane, i-butanc, methanol, clhanol, 
propanul. biitanol, naphtha, gasoline, natural gas, coal gas containing mclhane, landfill 
L!;is containing methane, flue or waste gas containing methane, biomass and sewage gas 
c*»nlaining methane. 

8 
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155. (previously presented) The process of claim 152 wherein the combined 

Iced hydrocarbon and carbon dioxide gas mixture is selected from the group coivsistini; of 
ii CH ] nnd CO2 mixture, acidic natural gas containing CH4 and CO2, coal gas containing 
i \U £ind COi. landllll gas containing CH4 and CO2, biomass and sewage gas conlainijig 
t'i I., and CO2- flue and waste gas mixture containing CH^ and CO>. 



156. (currently amended) The process of claim 152, wherein the reject exit 

H n e iim streams from the Air outer and next inner annular zones K> have the contained 
sicam removed by condensation, and subsequently be passed through a membrane 
pcrmeiilori_ wherein the contained in stream hydrogen and carbon dioxide are separated 
by permeation via a polymer or composite membrane and the mm permeated 
hydrocarbons, alcohols, and carbon monoxide exit from the non-permeaie side of the 
permcalor as a reject stream, wirf^ wherein the separated hydrogen and carbi>n dioxide 
prodiicl mixture to-be is used as a combined fuel-oxidani feed in a molten carbonate 
I'licl cell. 



157, (previously presented) The process of claim 156, wherein the reject 

sireL)n> from the permeator containing each one or a mixture of unreacted hydrocarbons, 
alcohols, and carbon monoxide is fed in a consecutive steam reforming reaction /one ibr 
addilionnl production of hydrogen and carb(m dioxide gas products. 

I5S, (previously presented) The process of claim 156, wherein the reject stream 

iVom the pcrmcnlor containing each one or a mixture of unreacted hydrocarbons. ^*lcohi>is, 

0 
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imd carbon monoxide is recycled into Ihe preceding catalytic far outer refonning /one for 
continuous reforming reaction. 

159, ( currently amended) The process of claim 152, wherein the reject exit 

tt^mMn streams from the far outer and next inner annular ^ones have the contained 
sieam removed by condensation and subsequently passed through a cryogenic separator 
\\ herein the contained in stream hydrogen and carbon monoxide are separated as gases 
while the hydrocarbons, alcohols-* and carbon dioxide are separated as condensed liquids 
and after heating are reeycled back into the inlet of the preceding far outer catalytic 
reforming /one. wtth wherein the separated hydrogen and carbon monoxide product 
mixture coming from the cryogenic separator to be is used in the fo^o^ving listed 
consecutive applicationsL for fuel gas in solid oxide and molten carbonate fuel veils, for 
fuel gas in gas turbines and gas engines. 

I(>0, (previously presented) The process of claim 159 wherein the reaclant 

hydrocarbon is methane and the reactant alcohol is methanol. 

IM, (currently amended ) The process of claim 159, wherein a- pari of the 

separated liquefied hydrocarbons, alcohols, and carbon dioxide components from the 
cr>ogenic separator are is mixed with steam and fed into a consecutive reforming reaction 
/one I'or additional production of hydrogen and carbon monoxide which is used in tjic 
lollowiiig listed consecutive applications;^ for fuel gas in solid oxide and molten 
curhtmrne fuel cdl«» for ru*il gas in gaj4 turbines and gns engines. 

10 
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162. (currenlly amended) The proci^ss of daim 152. wherein the rcjecl exit 
stream cunsisls of hydrogen, carbon monoxide, and unreaeted steam wh«4^ amj enters us 
i\ fuel gas feed into a solid oxide or molten carbonate fuel cell for continuous generation 
of eteclricity. wrth wherein part or all of the permeate hydrogen coming out of ihe 
preceding membrane /one to bo is fed as well in the fuel cell anode inlet in- wdtMP4« 
prtmtie providing for supplementary hydrogen fuel feed. 

163. (cuiTenlly amended) The process of claim 162 wherein the Hue hot gas 
emitted by the fuel cell t<3-be i$ used for at least partial heating of the preceding far outer 
lalalytic reaction /one. 

164. (currently amended) The process of claim 162 wherein the Hue hot gas 
emitted by the fuel cell containing steam and carbon dioxide, to-be is_ recycled in the 
inlet ill' the preceding far outer catalytic zone for use as a reactant in the rclbrming 
reaction. 

(currently amended ) The process of claim 152 wherein the permeate 

hydrogen from the membrane ^one is used as fuel feed in a consecutive (ticl celt for 
continuous generation of electricity, wkh wherein the fuel cell to h e is one of the listed 
types: solid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
alkaline. 

) 1 
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166. { currently amended ) The process of claim 165 wherein Ihc flue hoi gas emitted 
by the fuel ecll 4«-be is used for at least partial heating of the preceding far outer catalytic 
/one, 

167, ieurrenily iunended) The process of claim 165 whcmjn the Hue hoi gas 
eonlaining steam and carbon dioxide, emitted by the solid oxide and molten carbonate 
fuel cell. is recycled in the inlet of the preceding far outer catalytic /one lor use as a 
rcactani in the reforming reaction, 

168, (cunenily amended) The process of claim 165, wherein the fuel cell is 
ol a-- cylindrical shape and its fuel anode encloses the eylindrical permreaclor mwdeF-te 
ffcH^eiw -ftml-e onsum e bv receiving and consuminji directly the permeate hydrogen gas as 
fuel, mn^w+tb wherein the flue hot gas emitted by the fuel cell te-be is used for at least 
partial heating of the enclosed far outer catalytic reforming zone. 

169. (currently amended ) The process of claim wherein ihe reject exit 
stream rich in hydrogen and carbon monoxide after steam condensation is used as fuel 
feed in a gas engine or a gas turbine for continuous generation of eleetrieiiy. with 
\vhej\:i.n part or all of the permeate hydrogen coming out of the preceding mc:mbrar»c 
/(»ne u> be is_ fed as well in the engine or turbine order to provid e providin g for \hc 
supplementary hydrogen fueL 



PAGE 15/19 * RCVD AT 3/412004 1:14:53 PM [Eastern 



170, (currenlly amunded) A process for conducting catalytic hydrocarbon reforming 
with curbon dioxide, for production of pure hydrogen and carbon dioxide which includes 
ihc^uscof: 

u I'ar oulLT impermeable hollow tubular cylinder nesting two more concentric 
pcrmciihlc tubular cylinders, a next-inner and a most-inner one, having the m(»st inner 
permeiible cylinder te-^ nested within the next inner permeable cylinder thus defining 
three dilfereni annular i^ones including next inner membrane and mojji inner membrane, 
with the annular space b^rtween the far outer and next-inner cylinders *e4H; filled with a 
ivlbrminy catalyst in pellet or particle form, with hydrogen and carbon dioxide 
continuously removed via permeation along the next-inner membrane wherein {he ncxj- 
inner membrane is made from an inorganic or composite material, with the retnaining 
reaction species te partially p e rm e at e permeating as well via the next Inner membrane 
and with the permeated species to b e diluted by an inert carrier gas flowing akmg the 
next inner annular zauG, with hydrogen and carbon dioxide species b e continuously 
removed via permeation along the most inner membrane, with the most inner membrane 
Hi-he made from a polymer or inorganic material which is permeable to both hydrt>gen 
and carbon dioxide species, with the permeated s§id binary hydrogen-carbon dioxide 
niixiurc lo4>e withdrawn by flowing along the most inner cylindrical /one. 

171, (new) The process of claim 170 wherein the next inner membrane is made from 
one or mure materials selected from the group consisting of alumina, silica, tilania, 
zircon ici. ytlria, and the most inner membrane made from one or more malerials selected 
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from ihc group consisting of alumina, silica, liiania, zirconia, ytlria, polyimidcs. 
polycarbon^itcs, polybcnziiinidazolcs, polyphospazencs, polysulfones. 

172, (previously presented) The process of claim 170 wherein llie feed 
hydrocarbon or alcohol is a single component or a mixture of componenis selected from 
the group consisting of methane, ethane, propane, n-butane, i-butane, methanol, ethanol, 
propanol. buianol, naphtha, gasoline, natural gas, coal gas containing melhanc. landfill 
gas containing methane, flue and waste, gas containing methane, bioniass and sewage gas 
coniaining methajie, 

173, tpreviously presented) The process of claim 170 wherein the ci»mbined 
feed h>drocarhon and carbon dioxide gas mixture is selected from the group consivSting of 
:i CM., and COi mixture, acidic natural gas containing CH4and CO2, coal gas containing 
CHa and COi* landfill gas containing ClU and CO2, biomaKs and sewage gas ctvntaining 
CI I4 and CO2, Hue and waste gas mixtures coniaining ClU ^ind CO2. 

174, (currently amended ) The process of claim 170 wherein the combined 
pcrtneaie from the mctr»brane^ hydrogen and carbon dioxide gas mixture is consumed as 
fucl-oKidant in a consecutive molten carbonate fuel cell. 

175- I currently amended ) The process of claim 174 wherein the Hue hot gas 

LMiiilled by the molten carbonate fuel cell to be is used for at least partial healing of the 
preceding far outer catalytic reaction 7one. 

14 
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176. (currently amended ) Tht? process of claim 174 wheroin flue hot g;i« 
emitted by the moUen carbonate fuel cell containing carbon dioxide, is recycled iji 
the inlet of the preceding far outer catalytic zone for use as reactant in the ivfi>nning 
roaciioii. 

177. I currently amended ) The princess of claim 174, wherein the mollen 
carhonaie fuel cell is of a- cylindrical shape and its fuel anode encloses the c>lindrical 
permrt^aett^r kv- order to ree e ivo and conpume by receiving and consuminti directly as fuel 
the permeate hydrogen-carbon dioxide mixture, a nd with wherein the iluc hot gas 
einiued by the fuel cell 4t^-be is used for at least partial healing of the enclosed far oult-r 
cnlalvtic reforming zone, 

178. (previously presented) The process of claim 170 wherein ihu reject exit 
stream consisting of hydrogen and carbon monoxide enters as fuel gas feed in the am)dc 
til" a consecutive solid oxide or molten carbonate fuel cell for continuous generation ol' 
electricity. 

179. { currently amended ) The process of claim 178 wUh wherein the Hue hot 
gas etnillcd by the solid oxide or molten cgrbnnate fuel cell to b e is used for at least 
partial heating of the preceding far outer catalytic zone. 
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( currently amended ) rhc paiccss of claim 17X wHh wJiercLn the Hue hoi 

IMS cinillcd by the solid oxide or molten carbonate fuel cell containing carbon dir>xidt;. 
he [s recycled in the inlet of the preceding far outer catalytic '/one for use as ret»ctan( in 
the refonning reaction. 

181. ( currently amended ) The process of claim 170, wherein the reject exit 

siream rich in hydrogen and carbon monoxide after steam condensation is used as luel 
Tied III a yas engine or a gas turbine for continuous generation of eluclricily. wkh 
uherciii part or all of the permeate hydrogen and carbon dioxide coming oui of the 
pieceding membrane /one te-be is fed as well in the engine or turbine in order to provide 
for supplementary' hydrogen fuel. 
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